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MEMS Channel Selectable Architecture
MEMS mixer filter
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Not widely tunable
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Integrated RF-MEMS-Enhanced Receivers
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Reconfigurable Image-Reject Filters

Initial π-Filter design
flow = 1.7 GHz 
fhigh = 2.6 GHz
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RF MEMS LC Filter in Jazz SiGe60 BiCMOS
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250 fF < Cdc < 550 fF;  300 fF < Ctank < 800 fF
Measured reconfigurable switching range = 850 MHz
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RF MEMS VCO in Jazz SiGe60 BiCMOS
area = 0.87 mm2

LMEMS

active circuit

CMEMSCMEMS

LMEMS = 6.25 nH; 180 fF < CMEMS < 1 pF

f0 = 2.844 GHz, 122 dBc/Hz @ 1 MHz offset & 2.7 mW
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MEMS Mixer-Filter Principle
Electrostatic force 
works as mixer

Force creates 
mechanical 
displacement, x
Direct down conversion 
of RF to MEMS 
resonance

Resonant filter effect
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Mixer-Filter Output

DC “polarizing” voltage, 
VP, across output gap
Displacement current, 
proportional to:

VP

velocity
VLO×VRF

Pre-amplifier detects current
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CMOS-MEMS Resonator Q

in Jazz 0.35 µm CMOS
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Mixer-Filter Characteristics
Inputs:
VLO = 1.4 V (peak)
VP+ = 10V, VP-=Vpreamp-

LO stepped 10 - 400 MHz
Measured results are 
well-matched to 
simulated results

preamp buff

chip

IF

-50

-45

-40

-35

-30

-25

-20

-15

-10

-5

0

1 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.1
freqIF (MHz)

G
ai

n 
(d

B
)

test - fLO = 100M

sim - fLO = 100M

Total conversion loss = 8 dB

-60

-50

-40

-30

-20

-10

0

1 1.01 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.09 1.1
freqIF (MHz)

G
ai

n 
(d

B
m

)

fLO=100M

fLO=200M

fLO=300M

RF

Distribution Statement “A” (Approved for Public Release, Distribution Unlimited). DARPA Case 6261, 12/01/05.



11

The views, opinions, and/or findings contained 
in this article are those of the author and 
should not be interpreted as representing the 
official policies, either expressed or implied, of 
the Defense Advanced Research Projects 
Agency or the Department of Defense 
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